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In the undergraduate medical program at the Faculty of Medicine of AIMST University, questions of the descriptive type have significant weightage (at least 60%) in both formative as well as summative assessments, and several of them lend themselves to assessment on a five-point scale using SOLO taxonomy. We have timed and invigilated examinations. A significant fraction of the descriptive questions (the essays and some short-answer questions) we use in exams have the potential to elicit somewhat divergent responses that cannot be marked with a typical model answer. In this instance, it is advisable to inform students how their responses will be marked (2) .
In general, there is evidence that metacognitive knowledge and strategies promote academic achievement (5, 9) . In particular, as assessment is a key motivator of learning, we thought that students would be keen to know and understand how their teachers might grade descriptive responses. The authors' specific idea here was that if students were oriented to SOLO taxonomy using prototypical examples, then it would provide them an opportunity to understand the hierarchy of cognitive competence and some of the factors that teachers consider while marking descriptive responses. Consequently, students may be motivated to take this into consideration when preparing for tests and in composing descriptive responses.
We chose the SOLO taxonomy over other scoring rubrics because of the following reasons. First, the claim that SOLO taxonomy replicates the stages of development of competency in the cognitive domain has been validated by empirical data in the context of higher education (13) . Second, the taxonomy can be used for formulating intended learning outcomes (3), specifying teaching objectives to enable attainment of these outcomes (2-4), as well as for the assessment of learning (6, 7, 10, 13) . Finally, it is our intent to promote the use of SOLO taxonomy for assessing our students and constructively aligning our curriculum, and one of the workshops conducted in 2009 by K. R. Sethuraman for academic members of the Faculty of Medicine dealt with the use of SOLO taxonomy for grading cognitive competence.
The primary purpose of this study was to sample student perceptions regarding the usefulness of explicit discussion of SOLO taxonomy (Supplemental Material, APPENDIX 1) . 1 This required that students be provided explicit instruction on this topic. Subsequently, in phase 2 of this study, we sought to determine if the measured learning outcomes were any better in students who have had explicit instruction in SOLO taxonomy compared with students provided some advice for better answering exam questions but without reference to SOLO taxonomy (Supplemental Material, APPENDIX 2).
METHODS

Educational Context
Second-year undergraduate medical students doing the Bachelor of Medicine and Bachelor of Surgery (MBBS) program at AIMST University participated in this study. Briefly, the first year of our MBBS program consists of two main courses called the Molecular and Cellular Basis of Medicine and the Human Basis of Medicine. The Molecular and Cellular Basis of Medicine course covers some of the core content from the disciplines of anatomy, physiology, and biochemistry, and this, in turn, forms the basis of a systematic study of integrated, multidisciplinary organ system-based courses in year 2 of the program.
Phases of the Study
Phase 1. Sixty-eight second-year medical students doing the Respiratory System course participated. These students had had little hospital-based training thus far. The "intervention" was a 30-min classroom session in which the facilitator (E. S. Prakash) presented an illustration of the SOLO taxonomy with prototypical answers at each level and briefly discussed how he would rate each of these. An improved and slightly longer 40-min version of this intervention, used in phase 2 of this study (see below), is presented in the Supplemental Material (APPENDIX 1). As shown in APPENDIX 1, other factors, such as the legibility of the answer or the presence of incorrect statements, reflecting misconceptions (which eventually influence marks awarded), were also highlighted. At the end of this session, participants completed a feedback form (Supplemental Material, APPENDIX 3). This study was primarily of an exploratory nature, and the primary outcome of interest was student perceptions on a five-point scale of the usefulness of explicit discussion of SOLO taxonomy for preparing and presenting answers in tests as well as their comments on this intervention.
Phase 2. Determining if learning outcomes were any better in students who had explicit instruction in SOLO taxonomy (Supplemental Material, APPENDIX 1) compared with students just provided some advice for better answering exam questions but without any reference to SOLO taxonomy (Supplemental Material, APPENDIX 2) required that we provided participants reasonable time for assimilating the intervention, reflecting upon it, developing strategies, and using it to do better on tests. Twenty second-year undergraduate medical students doing the Central Nervous System course who consented to participate were randomly allocated to two groups: the experimental group (n ϭ 10) and the control group (n ϭ 10). These students had not had prior instruction on SOLO taxonomy (i.e., had not participated in phase 1 of this study). The intervention to the control group was a 15-min session in which the lecturer provided a personal view regarding better answering questions of the descriptive type. Immediately after this, the experimental group participated in a 40-min session in which the lecturer (E. S. Prakash) provided an explicit illustration as to how he would grade descriptive responses with reference to SOLO taxonomy. Participants were invited to interact and ask questions. Participants from both groups were requested not to exchange the details of the respective sessions at least until the continuous assessment (CA) test was held, although their compliance with this request cannot be verified. At the end of the respective presentations, participants from both the experimental and control groups provided feedback (Supplemental Material, APPENDIXES 4 and 5, respectively).
Ten days after the intervention, students who participated in phase 2 of this study appeared for a notified CA test at the end of the Central Nervous System course. It is notable that the CA test conducted at the end of this course has both formative and summative functions, i.e., students are provided feedback on their performance, and a minimum of 40% needs to be obtained for qualifying to appear in the final examination in that subject. The CA test in the Central Nervous System course consisted of eight short-answer questions and a longanswer question, for a total of 50 marks, as well as objective-type questions (multiple-choice questions), for a total of 10 marks. At least five descriptive-type questions invited a relational response (SOLO level 4). Test questions followed from a prespecified list of intended learning outcomes for this course made known to students at the start of the course. For the purpose of the reported research, student responses were graded by the same investigator (E. S. Prakash), who was blinded to the group that the students belonged to. Questions were graded on a scale of 0 -5 (where 0 ϭ no response, 1 ϭ prestructural, 2 ϭ unistructural, 3 ϭ multistructural, 4 ϭ relational, and 5 ϭ highly developed or extended abstract). Fractional scores, such as 0.5, 1.5, 2.5, and 3.5, were allowed, as is usually practiced. Test scores are expressed as means Ϯ SD. An unpaired Student's t-test was used to compare the scores of the two groups. P values of Ͻ0.05 were held as indicating statistical significance. However, the CA test scores reported to students were based on evaluation by various faculty members, as is usually the case, and at present faculty members are not required to adopt a specific rubric (or SOLO taxonomy) for evaluating descriptive responses. The Faculty of Medicine Research and Ethics Committee of AIMST University approved the study protocol, and participants provided informed consent.
RESULTS
Phase 1
Sixty-eight students completed the feedback form (Supplemental Material, APPENDIX 3) . From the data shown in Table 1, one can see the level of interest that students have in being familiar with how their answers are graded and their rating of the clarity of the illustration of SOLO taxonomy as well as the extent to which they believe knowledge of SOLO taxonomy will influence their studies. Question 6 on the feedback form (Supplemental Material, APPENDIX 3) included three items to check how well students understood the brief illustration of SOLO taxonomy. With reference to the authors' ratings [student A, unistructural; student B, highly developed (extended abstract); and Student C, relational], 30 students got all 3 responses correct, 16 students got 2 of 3 responses correct, 14 students got only 1 response correct, and 8 students got all 3 responses wrong. Overall, the authors' impression is that this session was reasonably effective.
Importantly, from our point of view, students' responses to the question "Do you think your knowledge of SOLO taxonomy will influence the way you prepare and respond to shortanswer questions and long answer questions? If yes, please explain" suggested that they were inclined to understand how their responses would be graded and keen to use their knowledge of SOLO taxonomy toward being able to better prepare descriptive responses. Selected comments are shown in Table 2 (grouped by the major underlying theme). We did not find any evidence of strange or discordant combinations of responses when we examined the responses of individual participants to questions 1, 2, 9, and 10 on the feedback form (Supplemental Material, APPENDIX 3).
Phase 2
In terms of clarity of our presentation, the control intervention as well as the experimental intervention were rated by all participants (from the respective groups) as either clear or extremely clear. Some of the comments of participants from the control group are shown in Table 3 . Like in phase 1 of this study, 20 of 30 responses of students in the experimental group to question 5 of the feedback form (Supplemental Material, APPENDIX 5) were in concordance with the authors' ratings (student A, unistructural; student B, multistructural; and student C, relational), indicating that our illustration of SOLO taxonomy was reasonably effective. As for student performance in the CA test in the Central Nervous System course, none of the students' responses were rated as highly developed (SOLO level 5; actually, we do not expect extended abstraction at this level of learning), and for various questions they ranged from Yes, very positively (n ϭ 26)
n, Number of students (68 students total). Questions are from the feedback form (Supplemental Material, APPENDIX 3). SOLO, Structure of the Observed Learning Outcome; SAQs, short-answer questions; LAQs, long-answer questions.
Table 2. Selected comments from students in response to questions 9 and 10 on the feedback form
Comment
Increased awareness of the examiner's expectations 1. "All this while we students had little knowledge on how to answer SAQ/LAQ in a way which is both structural and comprehensive. SOLO taxonomy explains what is expected and how to deliver our answers." 2. "I think that once we know what. . .the examiner expects from student, we can respond better. Most of the time we couldn't perform because we don't know how to answer the question." 3. "This let me know what lecturers really want and also the way for me to plan for an excellent answer. So, information from other subjects, example pharmacology should also be brought into our answer." 4. "Rather than not knowing what kind of answers to write, it is better that I am exposed to how examiners mark exam questions." 5. "Before this explanation (on SOLO taxonomy), I used to believe lengthy answers were everything." Comments suggesting that knowledge of SOLO taxonomy would contribute to improved approaches to presenting answers 6. "Students have knowledge in them. However, expressing them in papers shows how much they know. Thus, by knowing the correct way of answering, they (are) able to express their understanding better." 7. "Now I understand on how to properly structure an answer based on the given question. I also realize that it is necessary to write on cause and effect and also develop the question on an extended platform." 8. "Because it is clear to me now that a physiology question should be attempted with pharmacology and other aspects too, and the more understanding displayed, better the mark." 9. "After knowing the SOLO taxonomy, I will try to relate different subjects or systems rather than just viewing them as a different thing." 10. "From this explanation I understand that when I write an answer I should write briefly, straight to the point, Multistructural; also, this method initiate [d] me to write few points on my understanding as well." Comments indicating new awareness about hierarchies of cognitive competence 11. I will try to apply the essential points of the SOLO taxonomy to produce "highly developed' answers in the examination." no response to SOLO level 4 (relational). The mean score in the two groups was comparable: 29.2 Ϯ 5.8 in the experimental group versus 28.9 Ϯ 6.8 in the control group (means Ϯ SD; maximum of 50 marks, P ϭ 0.92, not statistically significant).
DISCUSSION
As indicated in the student comments shown in Table 2 , most students believe that knowledge of SOLO taxonomy might contribute to an extent toward knowing the hierarchy of cognitive complexity underlying descriptive responses, planning their studies, and preparing and presenting responses of the descriptive type. In the context of our assessment, the practical value of knowledge of SOLO taxonomy is that it indicates to students the need to improve multistructural to relational responses, wherever the question invites it. An inference regarding the effect of the intervention based on comparisons of CA test scores between the experimental and control groups is limited by a small sample size and possibly affected by other factors described below. Comment 14 (in Table 2 ) is particularly worth noting and insightful. It suggests that the commenter is clear about the distinction between cognitive competence and knowledge of SOLO taxonomy. Knowledge of SOLO taxonomy is a metacognitive capability (i.e., knowing how to learn and using this knowledge to regulate one's learning). This may also partly explain the lack of an effect on measured learning outcomes of a subtle intervention such as instruction on SOLO taxonomy, aimed at primarily promoting megacognitive awareness.
In interpreting results of this action research project, we consider the "backwash" effect of our system of assessment on learning, and it is commonly appreciated that this is one prominent determinant of the ways that students prioritize learning (e.g., Ref. 14). While we don't have any data that suggest that our students might just be contended with passing exams, we believe it reasonable to assume that this might be true for the majority of the class. This is because summative assessment in year 2 consists of seven exam components that a student has to independently pass (i.e., obtain a composite score of 50% in each), a formidable task indeed. It is notable that all 20 students who participated in the experimental and control groups obtained at least the 40% required in the CA test to become eligible to appear in the final examination in the Central Nervous System course. One limitation of the study is that participants might have reasonably guessed that faculty evaluators other than the authors of this study wouldn't explicitly adopt the SOLO method to assess student responses in the CA test. If all faculty evaluators indeed adopted the SOLO approach to evaluation, they would have let the students know about it.
The Biggs Study Process questionnaire has been used in several studies as a means to characterizing individuals' motivations and strategies as they relate to depth of learning (1) as well as to evaluate the effect of interventions on learning approaches and strategies (12) . In the present study, we administered the questionnaire after we noted that instruction on SOLO taxonomy had no measurable effect on learning outcomes, as shown by student scores on the CA test. We used it primarily to characterize the learning approaches of students currently enrolled in year 2 of our MBBS program. The absolute value of both superficial and deep approach scores in this study appeared (Supplemental Material, APPENDIX 6) significantly lower than that reported in another study (12) , although the educational settings are not entirely comparable. One simple explanation could be that the present assessment system does not demand a higher level of motivation to superficial or deep learning and strategizing. Nonetheless, one implication of these scores, in the context of this study, is that efforts at fostering metacognitive capabilities in our students may be worthwhile.
Practical Issues
In light of the overall purpose of this study and our experience, we wish to highlight some practical issues. First, it is worth clarifying that the SOLO taxonomy does not specify what percentage of marks should be awarded for a particular level of competence and whether the intervals between different SOLO levels are equal. This is an important issue that teachers must assess and decide in advance, taking into consideration the intended learning outcomes of the course and program in question. Second, for students who are beginning to develop strategies based on SOLO taxonomy or even for faculty members marking responses, differences of opinion as to what constitutes a relational response, or more generally what constitutes understanding, are likely. This underscores the importance of repeated illustrations and discussions with students and between faculty members as to what would be viewed as declarative knowledge and what would be considered a sufficiently relational response at each level of the program. Table 3 . Comments by participants in the control croup on the control intervention Comment 1. "Listening to advice is one thing, but putting it into practice is quite another matter. We tend to follow the way we answer questions, as we did before this session because we are used to it. And given the state we are in during exam (anxiety and panic), it's quite difficult to put something new into practice." 2. "I don't remember things much, I write based on my understanding most of the time. In the exam, I will be too nervous to recall what I have heard this session. Anyway, it may help." 3. "Before this, I did not know that if I simply write down facts I am not certain of, though the essay seems longer, will cause my marks to be reduced.
Therefore, this is one change I will make during the exams." 4. "I think it (the session) will influence my way of answering as I was explained different methods in constructing a solid convincing answer. The intervention also helped me realize some of my mistakes during previous exams." 5. "I always had a doubt how to tackle SAQ/LAQs well but after attending this session I am clearer and believe that I can perform better than before." 6. "I rarely plan my essay before writing since time was very essential. Now on, I will set the time to plan and do subheads and present my answer in a better manner."
The control intervention is described in the Supplemental Material (APPENDIX 2). Shown are responses to the following question: "Do you think that information gained from this session will influence the way you prepare and write your responses to SAQs and LAQs in tests and exams? Please briefly describe why." Each comment was from a different student.
In conclusion, the experience derived from this pilot study provided us with the motivation to orient students to SOLO taxonomy early on in the medical program as part of promoting metacognitive knowledge and skills. However, factors that affect students' adoption of strategies based on their knowledge of SOLO taxonomy need to be further researched in our setting. In reflecting upon this experience, we believe that our students would be helped by assistance in developing strategies based on their knowledge of SOLO taxonomy, and this might include training and encouraging them to use SOLO taxonomy to evaluate their own essays and those of their peers, in addition to faculty members inspecting the quality of student responses. Additionally, we believe that if the Faculty of Medicine adopted SOLO taxonomy on an experimental basis for assessing all descriptive written responses across the program, that would provide a greater incentive for students to develop appropriate metacognitive regulatory strategies and the effect of this intervention might be evident over time as a desirable change in approach to learning.
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